Introduction
Elucidation of how a neural network is formed and modulated is essential to understand how the brain functions. The initial steps of neural wiring are axonal pathfinding, target selection and synapse formation. However, the molecular basis of these steps in vertebrates largely remains to be elucidated. Zebrafish is an excellent model organism to investigate gene functions in vertebrate because of a short generation time, external fertilization, fast development and transparent embryos [28] . In this study we focused on neurons in the olfactory system and on the RGCs of the retinotectal projection area. The olfactory system in transparent zebrafish embryos is suitable for the study of the molecular basis of axonal pathfinding and synapse formation because an olfactory sensory map is formed as a stereotyped pattern of glomeruli in the olfactory bulb within 3 days postfertilization [9, 13, 29] . The retinotectal projection is also a good system because of the wellcharacterized topographic connections and activitydependent refinement [6] . The tectal neuropils near the head surface of the transparent zebrafish embryos are suitable for in vivo imaging of retinotectal projection by optic microscopy. We here report the use of a novel double-cassette vector approach to visualize and genetically manipulate the development of olfactory sensory neurons and RGCs in vivo. We show that PKA and GSK-3 β play important roles in axonal pathfinding and arborization in living zebrafish, respectively [25, 30] . Abbreviations: BPB = boundary between the olfactory placode and the olfactory bulb; EGFP = enhanced green fluorescent protein; nAChRβ3 = nicotinic acetylcholine receptor β3; OMP = olfactory marker protein; RGC = retinal ganglion cell; VAMP2 = vesicle-associated membrane protein 2 the visualization of the development of the entire olfactory sensory neurons and RGCs in vivo. By injection of vectors with EGFP under control of either the OMP or the nAChRβ3 gene promoter, we followed the development of individual olfactory sensory neurons and RGCs. The double-cassette expression vector strategy enabled us to clarify the roles of protein kinase A (PKA) and glycogen synthase kinase-3β (GSK-3β) in the development of olfactory sensory neurons and RGCs. The combination of visualization and neuron-specific gene manipulation provides a powerful reverse genetic in vivo approach for the study of genes of interest in neural differentiation, axonal pathfinding, and synaptogenesis. 
Materials

5′-CTGCAGCA(A/G)(A/C)A(C/T)TGGACNCC-NGA-3′ and 5′-CTGCAG(A/G)AA(A/G)TACA-TNAC(C/T)TT-3′ (N, four nucleotides)
. By screening a zebrafish BAC library (Incyte Genomics) using the PCR fragment as a probe, we isolated the entire omp gene (the nucleotide and deduced amino acid sequences can be found in the public data base as accession number AB073551). The 6.2-kb BglII fragment, containing the 0.5-kb omp coding sequence (without intron), the 2.7-kb 5′ upstream sequence and the 3.0-kb 3′ downstream sequence, was cloned into pBluescript II SK+ (Stratagene 16 ) to yield pBSOMP6.2B. To generate constructs, the omp coding region between BspLU11I and EcoRI sites in the pBSOMP6.2B was replaced by the coding sequences for either the 2.0-kb tauEGFP, the 2.0-kb tau-red fluorescent protein from Discosoma sp. (DsRed), the 1.1-kb constitutively active form of PKA (PKA*) or the 1.1-kb dominant-negative form of PKA (dnPKA) in Pomp-EGFP, Pomp-DsRed, Pomp-PKA* and Pomp-dnPKA, respectively. TauEGFP, DsRed, PKA* and dnPKA coding sequences were derived from IRES-tauGFP-LNL cassette (provided by Dr. [15] were found on the 4.7-kb HindIII fragment of the genomic clone, and those corresponding to exons 4-6 followed by a polyadenylation signal on the 4.9-kb BamHI fragment. The nucleotide and deduced amino acid sequences can be found in the public database as accession number AB087185. Zebrafish GSK-3β cDNA was cloned by PCR using a cDNA library prepared from embryos at 24 hpf. Substitution mutations of the amino acid residues 85K and 86K to 85M and 86I were introduced into the cDNA by PCR to yield dnGSK-3β [14, 27] . The 0.7-kb EGFP coding sequence from pEGFP-NI (Clontech) and the 1.3-kb dnGSK-3β coding sequence were placed under the control of the 3.8-kb 5′ upstream sequence of the zebrafish nAChR␤3 gene as a RGC-specific promoter and the 0.7-kb 3′ downstream sequence as a polyadenylation site and inserted between the HindIII and BamHI sites of pBluescript II SK+ to yield expression vectors PAR-EGFP and PARdnGSK3β, respectively. The 5.8-kb HindIIIBamHI fragment carrying the 3.8-kb nAChR␤3 gene promoter-driven dnGSK-3β from PARdnGSK-3β was blunted and inserted into the
